In the Molecular Dynamic simulations reported here the exible BJH model is used for the description of water-water interactions. The potentials for the interactions between ions and water, platinum surface and water as well as platinum surface and ions are based on ab initio calculations. It is demonstrated that the structural and dynamical properties of the ions and their hydration shells in the layer adsorbed on the Pt(100) surface are signi cantly di erent from those in a bulk solution. But the in uence of the metal on these properties is practically limited to the adsorbed layer.
Introduction
It seems to be straightforward to write down the potentials which describe the interactions between electrolyte solutions and metal surfaces. At least three contributions are necessary. Two of them { the repulsive and the dispersion term { can simply be described by a Lennard-Jones potential. For the third term { the Coulomb interactions { the image charge model is available. It states that the Coulomb interaction between a charge and a metal surface can be described in such a way that an additional charge with the same amount but of the opposite sign is imagined the position of which is determined as the mirror image of the original charge where the surface acts as a mirror. This rule is not only valid for ions but also for the partial charges which describe the dipole moment of the water molecule.
The simulation of water near a Pt(100) surface with such potentials leads to disagreement with the experiment. The potential drop at a water metal interface is a property which is easily measurable. Its value is 1.1 V for the Pt(100) surface. This potential drop can also easily be calculated from the simulation through the orientation of water molecules:
Here (z) denotes the dipole density as a function of the distance z from the surface. As the simulation leads to an orientation of the dipole moments preferentially parallel to the surface and as the distribution of the orientations is found to be symmetric this means that the potential drop is equal to zero, in contradiction to the experiment. This discrepancy must result from the image charge model. It has two weak points. Firstly, the metal surface is assumed to be uniform. This can only be correct if a water molecule or an ion is su ciently far away from. the surface. As soon as the distance is reduced to only a few A then the 4 K.Heinzinger water molecule or the ion will see the metal atoms itself and a corrugation of the potentials is necessary for the correct description. Secondly, the image charge model is not speci c for a metal. The speci city of the metal can only be introduced by " and in the LJ potential. This does not seem to be su cient. In order to prevent these di culties it appears to be reasonable not to use the image charge model and the LJ potential but derive the total potential from quantum mechanical calculations.
On the basis of ab initio calculations between a platinum cluster and a water molecule 1] a potential was developed which has led to good agreement with the measured potential drop 2]. The results of simulations with such a potential in respect to the structure and the dynamics of pure water between two Pt(100) surfaces have been reported in detail in 3, 4] . Additional simulations with applied external electrical elds were performed 5]. The results of these simulations of pure water near a Pt(100) surface have been reviewed recently 6]. In this paper results on the in uence of the (100) surface on the properties of a lithium and an iodide ion are reported.
Potentials and simulations
The atoms at the Pt(100) surface are arranged quadratically with a lattice constant of 2.77 A ( gure 1). For the ab initio calculations the metal Figure 1 . Sketch of the arrangement of platinum atoms in the rst (circles) and second (crosses) layer of the Pt(100) surface which coincides with the xyplane of the basic periodic cube the border of which is marked by dashed lines. Form and size of the two clusters used for the ab initio calculations are indicated.
surface is approximated by a cluster which consists of ve atoms for the platinum-water and the platinum-Li + and of nine for the platinum-I ? interactions 1, 7] . The platinum atoms in the clusters are arranged according to the Pt(100) surface. In the ve-atomic cluster four atoms belong to the rst and one atom to the second layer while in the case of the nine-atomic cluster the corresponding numbers are ve and four ( gure 1). The results of these calculations are presented in gures 2-4. The potential energy of water molecules depends { besides on the distance from the surface { also upon their position relative to the platinum atoms of the rst layer and upon their orientations. It can be seen from gure 2a that the potential energy is the lowest for a position of the oxygen atom on top of a platinum, atom of the rst layer (t-position) and an orientation where the dipole moment vector points away from the surface. For the same orientation only a small di erence is found for relative positions where the oxygen atom is positioned between two platinum, atoms (bposition) or between four platinum atoms (h-position) of the surface. Figure 2b shows that the adsorption energy is signi cantly smaller if { by keeping the t-position { the dipole moment vector is directed towards the surface. The potential energy for an orientation where the dipole Ionic hydration near a platinum(100) surface 5 moment vector is parallel to the surface is found between the other two orientations in the whole distance range. For this orientation the energy depends also on the angle between the plane of the water molecule Figure 2 . Potential energy of a water molecule as a function of distance of the oxygen atom from an in nitely extended Pt(100) surface, (a) For water on top of a metal atom (full line), on a bridge site (dashed), and on a fourfold hollow site (dotted). The dipole moment vector of water molecule points away from the surface in all three cases, (b) For di erent orientations of the dipole moment vector relative to the surface: pointing away (full), towards (dotted), and parallel with the proton-proton vector parallel (dashed) and perpendicular (dash-dotted) to the surface. In all four cases the adsorption site is on top of a metal atom 3). and the surface. For distances larger than about 6 A from the surface the potential energy does no longer depend on the relative position and the orientation of water molecules. For such distances the image charge model might be valid.
The corrugation of the surface in respect to the potential energy is depicted in gure 3. For the calculation of this gure for each point in the xy-plane of the basic cube the distance z from the surface is chosen such that the energy has a minimum. The dipole moment vector points away from the surface. The numbers indicate the coordinates of the platinum atoms of the rst layer. By the comparison with gure 1 it becomes clear that the potential minima coincide with the positions of the platinum atoms of the rst layer in accordance with gure 2 .
The potential energy of Li + and an I ? as a function of distance from the surface for the three positions t,b, and h is depicted in gure 4. Di erent from the water case the potential minima for the ions are found for h-positions while the t-positions are energetically least favourable. The adsorption energy of I ? is almost by a factor of ten larger than that of a water molecule. The corrugation of the potentials is not presented in a gure. It is very similar to that shown in gure 3, only maxima and minima are more pronounced and exchanged.
The tetragonal basic box for the MD simulations of pure water and a 2.2 molal Lil solution at the Pt(100) surface is sketched in gure 5. The space between the ve layers of platinum atoms at each side is su cient for about six layers of water molecules. In agreement with the lattice constant of the surfaces is found in such a way that at the beginning of the simulation water molecules were added until the density of pure water was reached in the center of the box. In this way the usual experimental conditions are realized. In the case of the electrolyte solution with 298 water molecules, 10 Li + and 10 I ? a 2.2 molal solution resulted. In the x-and y-directions periodic boundary conditions were introduced, so that an in nitely extended water lamella between platinum surfaces was simulated. As long as no external electrical eld is applied both surfaces are equivalent and the comparison of the calculated properties is a measure of statistical signi cance 3, 8] .
The water-water interaction is described by the BJH model 9] and the ion-water potentials are derived from ab inition calculations 10]. For the long range Coulomb interactions the Ewald method is used, modi ed for two-dimensional systems. For all other interactions the "shifted force method" is employed 11].
3. Results and discussion 3.1. Density pro les and the orientation of the water molecules The rst property to be calculated when the in uence of the metal surface on the structure of water is investigated is the density of the oxygen and hydrogen atoms as a function of distance from the surface. Both density pro les are depicted in gure 6. In the rst layer the density of O is almost four times and that of H three times as high as in bulk water, 7 a consequence of the strong interaction of water molecules with platinum atoms ( gure 2). Second, but already much less pronounced, density maxima are found at 5.5 A. For distances larger than 9 A the density is no longer in uenced by the surface. The same distance for the rst maxima in the O and H density pro les demonstrates that the dipole moment vector in the adsorbed layer is preferentially orientated parallel to the surface. The surplus of positive or negative charges in the distance range smaller than 7 A indicates a potential drop different from zero.
For the calculation of the dipole moment density as a function of distance from the surface and, from it, the potential drop according to equation (1), the orientation of water molecules has been calcu- It is obvious from this gure that a signi cant preferential orientation is found only for water molecules in the adsorbed layer 3]. The dipole moment vector points slightly away from the surface. Just as in the case of the density pro le the orientation of water molecules is no longer in uenced by the surface for distances larger than 9 A.
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The orientation of water molecules depends on the strength of an applied external electrical eld. The results of simulations of a water monolayer on the Pt(100) surface are shown for various strengths of the electrical eld also in gure 7. The potential drops calculated from these distributions of cos # according to equation (1) The potential drop resulting from the orientations according to equation (1) 
derived from the quantum mechanical calculations describe the structure of water near the surface correctly 2]. Based on these results it can be expected that the in uence of the Pt(100) surface on the ions and their hydration shells can be calculated from the simulation with a high degree of reliability. For the results reported here a water molecule was replaced either by a Li + or an I ? in the adsorbed layer, instead of a simulation of a LiI solution between two platinum walls. During the simulation time of about 20 ps the ions did not leave the adsorbed layer. This nding can be read from gure 9 where the density pro les for both ions are shown. For comparison also the pro les for the O and H atoms are depicted as dashed lines. They are not signi cantly di erent from that for pure water at the surface ( gure 6).
The I ? pro le extends only over a very narrow distance range 1:8 < z < 2:4 A. There is no water molecule between the I ? and the surface. Its maximum at 2.0 A coincides with the potential minimum for a position of the iodide ion opposite to a hollow site of the Pt(100) surface ( gure 4), and it is obviously not in uenced by the I ? -water interactions. Therefore, the I ? can be called "contact adsorbed" on the Pt(100) surface.
The density pro le of Li + is quite di erent from that of I ? . In spite of the smaller size of the lithium ion the range of distances from the surface, 2:0 < z < 3:2 A, is almost completely beyond that for the iodide ion and is much broader. The maxima of the O-and H-atom pro les coincide with that of Li + at 2.5 A. It can be seen from gure 4 that at this distance the potential energy of Li + is independent of its position relative to the platinum atoms of the surface layer. Very di erent from I ? , it is obvious that both the distance range of Li + from the surface and its position relative to the surface platinum atoms is determined by the Li + -water and not by the Li + -Pt(100) surface interactions. Therefore, it is justi ed to say that the Li + is "not contact adsorbed", although there is again no water molecule between the ion and the surface. The distribution of cos # for Li + demonstrates clearly a strong preference for an octahedral symmetry in both cases. P (cos #) is narrower around 0 and -1 for the boundary layer in accordance with the well-de ned nearest neighbour oxygen atom positions around Li + in the quadratic water overlayer ( gure 10). The hydration number of Li + is reduced by about one in the boundary layer. As the octahedral plane of the hydration shell of Li + parallel to the surface is fully occupied, the excluded volume of the surface is responsible for the missing water molecule (see also gure 9). The fth water molecule belongs to the second water layer and is placed on top of the ion.
It can also be seen from gure 11 that neither in the bulk nor in the boundary layer a symmetry is recognizable, for the hydration shell of I ? . P (cos #) is practically uniform over the whole range except for the excluded volume e ect for cos # > 0:8 which results from the nite size of the water molecules. As the I ? is contact adsorbed, the excluded volume e ect of the Pt surface amounts to almost one half of the hydration shell and is responsible for the reduction of the hydration number of I ? from 9.2 in the bulk solution to 5.1 in the boundary layer. The averages have been calculated from the simulation by:
where N denotes the number of particles, N T the number of time averages andṽ j (t) the velocity of particle j at time t. It seems appropriate for the investigations of the dynamical properties of electrolyte solution near the platinum surface to calculate the velocity 13 autocorrelation functions separately for the components parallel and perpendicular to the surface. They are depicted in gure 12 for the three water subsystems adsorbed layer (z 6 4:2 A), second layer (4:2 < z 6 6:2 A) and bulk region (6:2 < z). The gure shows that the di erence between the second layer and bulk region is relatively small. The following discussion is, therefore, restricted to the di erence between adsorbed layer and bulk region. The same is true for ions. Their velocity autocorrelation functions are depicted in gure 14.
The self-di usion coe cients for water calculated from. the velocity autocorrelation functions ( gure 12) according to equation (2) are in the adsorbed layer in both directions by about a factor of ten smaller than in the bulk. With such small values for self-di usion coe cients much longer simulations would be necessary to get more accurate results.
Hindered translational motions
The Fourier transformations of the velocity autocorrelation functions for water molecules ( gure 12) lead to spectral densities of the hindered translational motions. They are depicted in gure 13. In order to understand the di erence between the adsorbed layer and the bulk region and between the motions parallel and perpendicular to the surface it is necessary to keep in mind the assignment of frequencies. In bulk water the frequencies in the range up to about 100 cm ? The motions of water molecules parallel to the surface are much stronger hindered in the adsorbed layer than in the bulk. This is quite obvious from the O-O pair correlation functions and the trajectories as depicted in gure 10. Consequently, the frequencies of the O-O stretching motions show a signi cant blue shift, as can be seen from gure 13. The contribution of the O-O-O bending motions to the spectral density is small. For the motions perpendicular to the surface an almost opposite behaviour is found. Here the bending motions are dominant in the adsorbed layer and are shifted to higher frequencies because of the strong interaction of the water molecules with the Pt(100) surface. Accordingly, the intensity of the stretching motions is strongly reduced. The Pt(100) surface has only a small in uence on the vibrations and intramolecular vibrations of water molecules in the adsorbed layer. Therefore, they will not be discussed here 4].
The velocity autocorrelation functions for the two ions have again been calculated for the particles located in the boundary layer and in the bulk region and separately for the motions parallel and perpendicular to the surface. They are depicted in gure 14. The corresponding spectral densities are shown in the insertions 8]. The motions of the two ions in the boundary layer parallel and perpendicular to the platinum surface are quite di erent from those in the isotropic solution. The frequencies of the hindered translational motions of the lithium ion parallel to the surface show a strong blueshift. This re ects the enhanced Li + -water interactions as a result of the reduced water mobility, which is a consequence of the formation of the quadratic water overlayer. The motions of Li + perpendicular to the surface are characterized by a shift of the main peak in the spectral density to lower frequencies. This is a consequence of the larger mobility of the Li + because of the missing water molecule between the ion and the surface.
Di erent results are found for the iodide ion adsorbed on the platinum surface. The blue shift of the frequency maximum for the transverse motions of the ion in the boundary region is only about 20 cm ?1 . This indicates a movement of the heavy ion parallel to the surface which is only slightly disturbed by collisions with neighbouring water molecules adsorbed at the Pt(100) surface ( gure 10). The perpendicular motions show a blue shift of the frequencies of the two main peaks, which follows from the strong interaction between the surface and the I ? positioned near the energy minimum. 
